12 United States Patent

Altheimer et al.

US009354455B2

US 9,354,455 B2
May 31, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(75)

(73)
(%)

(21)
(22)
(86)

(87)

(65)

(30)

Jan. 23, 2009

(1)

(52)

CONTROLLING DESIGNS USING A
POLYGONAL DESIGN

Inventors: Helmut Altheimer, Baisweil-Lauchdorf
(DE); Wolfeang Becken, Munich (DE);
Gregor Esser, Munich (DE); Dietmar
Uttenweiler, Icking (DE); Andrea
Welk, Munich (DE); Jochen Brosig,
Zorneding (DE); Christina Butz,
Munich (DE); Nadine Jung, Munich
(DE); Katrin Nicke, Neuried (DE); Ilka
Schwarz, Geretsried (DE); Robert
Bichler, Viersen (DE); Martin
Zimmermann, Erdweg-Kleinberghofen
(DE); Werner Mueller, Octisheim (DE);
Hans Stetter, Munich (DE)

Rodenstock GmbH, Munich (DE)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 1345 days.
13/145,710
Jan. 22, 2010
PCT/EP2010/000396

Assignee:

Notice:

Appl. No.:
PCT Filed:
PCT No.:

§ 371 (c)(1),
(2), (4) Date:  Sep. 23,2011

PCT Pub. No.: WQ02010/084019
PCT Pub. Date: Jul. 29, 2010

Prior Publication Data

US 2012/0008090 Al Jan. 12, 2012
Foreign Application Priority Data

(DE) i, 10 2009 005 847

Int. CI.
G02C 7/06
G02C 7/02
G02C 11/00

U.S. CL
CPC ...l G02C 7/066 (2013.01); GO2C 7/025

(2006.01
(2006.01
(2006.01

L A -

(2013.01); GO2C 7/027 (2013.01); GO2C 7/028
(2013.01); GO2C 11/10 (2013.01)

(38) Field of Classification Search

CPC .......... G02C 7/06; G02C 7/061; GO2C 7/063;
G02C 7/065; GO2C 7/066
USPC 359/159.73-159.77

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

0,089,713 A 7/2000 Hof et al.
6,302,540 B1* 10/2001 Katzman etal. ......... 351/159.74

(Continued)

FOREIGN PATENT DOCUMENTS

DE 19701312 Al 7/1998
DE 10313275 Al 10/2004

(Continued)
OTHER PUBLICATIONS

English Translation of Stefanie Schuldt, “ysis-Naturliches Sehen
Erleben”, Deutsche Optiker Zeitung, May 1, 2004, pp. 38-43.*

(Continued)

Primary Examiner — Bumsuk Won

Assistant Examiner — Willlam R Alexander
(74) Attorney, Agent, or Firm — Schiil Hardin LLP

(57) ABSTRACT

A method and device for calculating design parameters of a
design of a progressive spectacle lens on the basis of a pre-
determined design polygon. The design parameters are cal-
culated by specilying a point within the design polygon, 1n
which the specified point defines the progressive spectacle
lens design, and then determining a value of each design
parameter at the specified point by an interpolation of at least
part of the predetermined values at the corner points and,
optionally, of at least part of the predetermined values of the
design parameter at the at least one additional point.

24 Claims, 17 Drawing Sheets




US 9,354,455 B2

Page 2
(56) References Cited Jp 2003-132096 A 5/2003
JP 2005-513526 A 5/2005
US. PATENT DOCUMENTS JP 2006-288595 A 10/2006
JP 2008-541142 A 11/2008
6,390,623 Bl * 5/2002 Kokonaski et al. ...... 351/159.42 P 2009-525498 A 7/2009
6,871,955 B2 3/2005 Yamakayji et al. JP 2010-517088 A 5/2010
2005/0052615 Al* 3/2005 Wang ................... G02C 7/024 WO WO-01/81979 A 11/2001
351/150 57 WO W0-03/052491  6/2003
2005/0122472 Al 6/2005 Fisher et al. WO WO-2005/009027 Al 1/2005
2007/0132945 Al 6/2007 Haser et al. WO  WO-2008/089995 Al 7/2008
2008/0055679 Al 3/2008 Yoshida WO  WO-2008/089996 Al 7/2008
2009/0169859 Al  7/2009 Biteau et al. WO WO-2008/089998 Al 7/2008
WO WO-2008/089999 Al 7/2008
FOREIGN PATENT DOCUMENTS OTHER PURI ICATIONS
DE 102008015189 Al 10/2009 Japanese Patent Application No. 2011-546697 Office Action dated
BE 838838823?2 i ;//{38}8 Oct. 18, 2013 (with English translation).
EP ) 0880046 A:h 11/190% Stefanie Schuldt; “ysis—Natuerliches Sehen erleben”; Deutsche
TP 63-0838%4 ) 4/1088 Optiker Zeitung, May 1, 2004, pp. 38-43.
E'p 01-320590 12/1989 Office Action dated Sep. 30, 2014 for Japanese Patent Application
TP 09-231405 0/1997 No. 2011-546697 (with English translation).
JP 2001-357409 A 12/2001
JP 2003-502766 A 1/2003 * cited by examiner




U.S. Patent May 31, 2016 Sheet 1 of 17 US 9,354,455 B2

FIG 1
A P(pZ
y
10
S
pS Py P(P1
“;‘H"‘ "N-\
Z I~~_ ) s
PCPS Y/ * a v
AN
o I ,
' X
P
P(PO P g P
1R
p ' %0
p4 i
¢ ~h—— 9
P



U.S. Patent

FIG 2

May 31, 2016

Sheet 2 of 17

N

; - n e =
» {::f B m m % i;:h
; o — ‘ I
o o™ Nl al N ==
m ] T ,,’ - - e = |
fﬂ‘ e | < ..
_ B E=—1 s ;ﬂj
m . -t i.::? m I‘L:J L‘-::! m
] M §Foe~d Lamy o ' - =
U) 2 % armefOR 00"~ e sl LS L2 B
L) o= -
’ - | = .
e e ey P h =
Q. ol (M I =2 IS s s
<t = N Im:
' _ = CT
L. i | &= W, ot : = o
o B B IS IELEIE IS
: o > i v o T
:
». & = - % ey &S | es |
N TS S8 2 = =
| S o= S B B W oSO L= S U555 O S
t‘\! e == : :
I <= o o ey t
-] : _ Lo < “ = =
) LS T . LS4 - - R
™ | = =
[ ]
hliISIE IR IZ |2 |2 |8
. o e R N | o 1> . LER
G B2
&= 0 == = 5
Ye 0 L1 el - E - G
S € | I < =
'®7, e — —— oy = -
E S 8 T 4" [1: L ol 3
C o =
3T =
o = -
-
i c
g5 | 2
)
Q0 O @
o

US 9,354,455 B2



U.S. Patent May 31, 2016 Sheet 3 of 17 US 9,354,455 B2

FIG 3

Dy 150 Daz70° D330



U.S. Patent May 31, 2016 Sheet 4 of 17 US 9,354,455 B2

£y L& T ' - lr—r;:: — §

Y ':::'_"F' e -
th § = | 3 Cy = Wy sy |
r Y iosn
| . R S LA K i ’.
- ™ " 1_ - = ‘3
| ‘ e | oo S G == e il

[ #t-,-___“
| g
i
et Z
o~ Qare e Co =) . — 3
g » : g
o R T - R R
Ayt e o i, e S e puvoun Ty
‘ <> i Y ovomm e
_;, £ et e r— ::::"..:» o |
da N F ” '
f..:.?': LLor kL7 b — *.‘i'm""ﬂg R s Y
sy ) e = | v ] e

Fﬁ—
TH
10000
T
)
J

Sp.1 SpP.2 Sp.3 Sp.d Sp.b Sp.6 Sp.7
I
!
{

gy sy [
ki oy el S daviminle '::}.  —" f:::}
CY T N ) & ra® W S T e I
-z e o &= | B = —
- o L o o= — =
i et ™ d o t £ T ¥ s
1.1 e ? _ ey I
- = B = S TS D D
N E’ Q =~ i ~= 3. oy 0
“— L
<t o 2 =
QL T -
O E o
o = =
-
™ 55 | %
D
LL. O O ko

g
R WAy



US 9,354,455 B2

Sheet Sof 17

May 31, 2016

U.S. Patent

Ve

et
bk |
~f .
=
RdL

3|ly Ui 81018

|'EE FfiE]  lesveer

it [ 1 (¢ N
v} iy Z

1l e 4

bunybiam ubisep

%[Pe@©®®

a1} WO peo.

wps | SIUBIO1B00 i |
I | 90BLINS JUOJ} B} U0
o)
,__rf.!._-.f.......... . mU_U.mw uamvmﬂg
.......-F;..' . |

¥ ..r..; , . |
_“,D e (401w
| S0

$
Om .w oo dp 50 iy
“.p Q_. ¥ G2 OB 82 Q2 G4 0L 8 0 £ Di-

. Bl S UM ) T TR o el o
1 EHPO00® T
: ..Lmﬁm..:w:u m—mcm . mhum hm:%ﬁu.qpﬂ @ ‘ P s Lmd it Lol s ot K _.r.m..__:-..:rr..rf .lﬂtrfr_.f..w.:.r P S
. :
sjutod |00 o|Buepy ubisep ‘ou ubisap S . i f
e e, | prress et o gy e T e e i .r).....tll!__ ...._.i......ll.._..._...__..ﬂ ——— ..w.ll
A 'R
S A
mN . n aiBuey} ubisap | § i\ oF m m
(NB)LY Pue (4a)iv paxy {] ubissp-oyne £} 1 F7 Jmtl!mizz B - -
. . b 3 :
| (so1BUAD) NSE JojoR! s b P RS W
Lo A
uoinod Jeau H w | m |
Xew UelSShes) |y . = PSS A Y
@F L] Yyl AR
Tt uolod aoue)s|p oedebcd L LA TN N
. . | L “ 3 ¢ m m F
/ i ; : £ |
Jusolad sBupybiam . H M _ : : : | %
| s M et s g e . o i .-nl ._.a“r —.— 1 luﬁ......l._...!.-.. -
N . . " m i : : :
4 (AN (NDAVPIE + N = SOn () I F ] el -
- & A
. ) SRS PSRRI POBOIN S W
LE00°G Lv0e ) Zd Ul Zumjuipy uopenus ) L o
‘ P |
ise "iou| eale lopiog [ suopeoyads q 05 0 mesp £ S B
S ;o
. . L ) m
eale topioq [} suoneoyoads q gz 0 mep § ] “ m ] W
_m_......-.__ll._ Y2 - w...l»... l._r.l._._r.i,.
]S pal|sep Sjedo|e soult Aiepunog mesp [} : m : *

SHUWH Jaun) 1Z2vHg uoneuea snewbnse sy jo

Ve

0d

eG Ol



US 9,354,455 B2

Sheet 6 of 17

May 31, 2016

U.S. Patent

Dl}sLIsloBlIeyD m_mcm

eELGG1+
£ N

g Z
TR
Bunybiom ubisep

OQ@@.

E | se|jold fA .

syuiod jouoo | ojBuel ubisep |

mco_u\_nv{nu_

J¢

Ncoz_n_ui&

'OuU ubisap

4G Il



US 9,354,455 B2

Sheet 7 0f 17

May 31, 2016

U.S. Patent

sl e e

—

b
ansusiorieys ubisap m
:
k
U0z i
EEIENIE leau .Y
Jopiound |
_ 03U} Jawosno juild
o - B e wl el A A, A O BN W W TR My vl AR W - W .l.ll.:.l.l..‘ml..l_,l.._lill-.”-lu!li:llr.l, - ﬂ“.!yl.ll.l . l.l"l”h.'hl,‘.'l.'!..l.l_.al:l.-i- llllllllll

StUel) ||euls s

)} ®np sasualsaid
P8)08)8S

B} UlIM UdJeLl jou
ssop yjbua) suoz
uoissalboid sty

| BJED 9AES

SONEA Jaun}
Aldde

0}

Nw ,. Wwoaol

ST T T

L —r'—"'LI '

UC|)BpUDURUCOS]
Aidde

HU

syulod ubisap

L =
'ﬂhnw-ﬂmm L)
o o fame e Ty 2T
]
B e

H Nsal £
| m | JBWIOISND
k
'
: | .
: HOOLSNAQOY
._. : Bupginsupo | Bupnsuoo | Bupnsuoo |
xs jupdwl sbunyos ofjg | ubigeaid § souewuopsd | obed pe)s
; 1% ._ 1

i 99):



US 9,354,455 B2

Sheet S8 of 17

May 31, 2016

U.S. Patent

2nsuslorieyD ubisap

q 3u0Z
S EIRETE I ——— lesu

, 2 B BEEEER
: ek —— e e e T ]

sulel) Jejnooulq asodwipadns A

2%

13plio uud

{ OJul Jowio)sns uud |

LR R A J A} L b 2 L .8 R 3 g L L LR ¥ J"% J L ¢ J J

”_ RIEPD BARBS

SSf|BA dAoUN]

aLel) ay)
JO 8pPISINO Si Jeau
Jutod ubisap syl

Aldde

LUOQJ

— UoepuUswIlLIOsal
NG ¥a
@W splod ubisap }insal &
. 13W01sNo &
Jaun) ubisasp 0 uollepuswitucoas ubissp O
k
k
MO0LSN3C0Y

Buynsuoo

udwy sbumes _ 0B ubig 2214

b

¥

B

b
mc:_:w:wo

1.

Y
L 9l:

3



US 9,354,455 B2

Sheet 9 of 17

May 31, 2016

U.S. Patent

al)sualorieyd ubisap

auoZ
SN lesu

{ oJut 1a0o)sno jund

B)ep SAES

SON|BA Jaun)}
Aldde

UonREpUSLLLLIODS.
Ajdde
Jnsal &
lswioysno &%
Buninsuoo Buninsuoa BulNSuo9 § .
Jundu ommw ubig 2814 | souBwlopad ﬁ abed uels |

ki

p
o0y 3 Il



U.S. Patent May 31, 2016 Sheet 10 of 17 US 9,354,455 B2

10




U.S. Patent May 31, 2016 Sheet 11 of 17 US 9,354,455 B2

FIG 10
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CONTROLLING DESIGNS USING A
POLYGONAL DESIGN

The disclosure herein relates to a design control based on a
predetermined design polygon.

BACKGROUND

Individual spectacle lenses, 1n particular progressive mndi-
vidual spectacle lenses, have been described 1n numerous
patent publications, for example mDE 19701312, DE 103 13

275, WO 01/81979, U.S. Pat. No. 6,871,955, or EP 0 830 046.
They exhibit clearly better imaging properties than conven-
tional spectacle lenses, since the individual situation of wear
of the spectacle wearer 1s taken into consideration in the
calculation and optimization.

As a rule, progressive spectacle lenses are optimized by
mimmizing a target function, 1n which target or target values
for at least one optical variable (for example astigmatism
and/or refractive power) or target or desired values for at least
one aberration (for example astigmatic error or astigmatic
deviation and/or refractive error) of the progressive spectacle
lens are taken into account. The refractive error 1s the differ-
ence of the refractive power of the spectacle lens and the
refractive power that 1s determined by refraction determina-
tion. Preferably, 1t 1s values in the position of wear of the
spectacle lens, 1.e. taking the system spectacle lens/eye 1nto
consideration.

The target or desired values of the at least one optical
property (in particular the astigmatism) or of the at least one
aberration (1n particular the astigmatic deviation), which are
taken into account in the target function, characterize the
design of a spectacle lens. In addition, the spectacle lens
design can comprise a suitable object distance model. For
example, the object distance model can comprise an object
distance function defined as the reciprocal object distance
along the principal line. A standardized object distance model
1s indicated 1n DIN 58 208 part 2 (cf. image 6), for example.

A design of a spectacle lens can be characterized by several
design parameters, such as the size and in particular the
position of the viewing zones (distance, near, and intermedi-
ate or progression zones). The position of the viewing zones
can be specified by the principal visual points (reference
points distance and near), for example, which are then taken
into account as parameters of the design. Further design
parameters are the maximally admissible aberrations and/or
gradients of the aberrations and/or parameters characterizing
the object distance model, for example.

Moreover, progressive spectacle lenses can have different
designs, for example depending on the main activities and
other main applications. Thus, 1n addition to universal pro-
gressive spectacle lenses, manufacturers often also offer pro-

gressive spectacle lenses for the computer workplace, smaller
spectacle lens frame, eftc.

SUMMARY

It 1s an object of the disclosure herein to enable a simple
demonstration or visualization and determination or calcula-
tion of a design for a progressive spectacle lens for a design
control.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the disclosure herein will be exemplarily
described with reference to the figures, which show:
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FIG. 1 illustrates an example of a design polygon accord-
ing to an exemplary embodiment;

FIG. 2 illustrates an exemplary tabular listing of the pre-
determined values of the design parameters;

FIG. 3 illustrates a further example of a design polygon
according to an exemplary embodiment;

FIG. 4 1llustrates a further exemplary tabular listing of the
predetermined values of the design parameters;

FIG. 5a 1llustrates an example of a graphical user interface
for visualizing a design polygon and optionally modifying the
design, which 1s assigned to a point within the design poly-
g0,
FIG. 5b 1llustrates an enlarged view of the design polygon
shown in FIG. 5a;

FIGS. 6 to 8 1llustrate examples of graphical user interfaces
according to preferred embodiments;

FIG. 9 illustrate examples of different designs within a
design polygon according to exemplary embodiments;

FIG. 10 illustrate examples of three different designs
within a design polygon;

FIG. 11 1llustrates an example of a graphical user interface
for inputting data of the progressive spectacle lens and of the
spectacle wearer;

FIG. 12 illustrates an example of a graphical user interface
“design optimizer” (1n the following referred to as “design
profiler”);

FIGS. 13 to 15 illustrate examples of graphical user inter-
faces;

FIG. 16 illustrates an example of the stamping of an 1ndi-
vidual spectacle lens.

DETAILED DESCRIPTION

In particular, a computer-aided method for determining or
calculating design parameters IV, j=1, . . ., M of a design of
a progressive spectacle lens on the basis of a predetermined
design polygon 1s proposed, wherein:
cach point P within the design polygon designates or
defines one design, and the design at the point P 1s
characterized by design values IY(P) of the design
parameters IV

design values Y(P . _),j=1, ..., Mofthe design param-
eters IV, which characterize the design at the respective
corner points P~__ _ of the design polygon, are prede-
termined or predeterminable;

optionally, values Y(P,, , ... ) of the design parameters IV,

which characterize the design at least one additional
pomt P, ... within the design polygon, are predeter-
mined or predeterminable,
the method comprising:
specilying a pomnt P,
wherein the point P,
mined:
determining a value DY(P Desien) 01 €ach design parameter
Y, =1, ..., M, of the design to be determined at the
point P, ., by an imterpolation of at least part of the
predetermined values DY(P~_ .. _.), 1=1, . .., M at the
corner points Y (P __and optionally of at least part of
the predetermined values DY(P, ... ) of the design
parameter IV at the at least one additional pointP , _ ... :

and wherein M designates the number of design param-
eters.

The design polygon can be an N-corner in the two or
three-dimensional space (for example a triangle, quadrangle,
pentagon, a pyramid, etc.). The corner points P, . of the
design polygon can lie 1n one plane. The term “points within

the design polygon™ as defined by this application comprises

within the design polygon,
defines the design to be deter-

esSIgH
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all points that lie 1n the space enclosed by the side edges or
faces of the design polygon, including all points that lie on the
side edges or faces of the design polygon (1.e. all marginal
points).

The mutually different corner designs at the corner points
P, . .. of the design polygon are in particular characterized
by different values of at least one of the design parameters IV
or have different values of at least one design parameter. The
design polygon can be constructed such that along each of the
sides of the design polygon, which connects two corner points
of the design polygon, an at least partially continuous transi-
tion of the values of the at least one design parameter takes
place. The design polygon can be an equilateral design poly-
gon, 1n particular an equilateral design triangle.

The corners of the design polygon can stand for different
use and/or design focuses, such as a distance zone-oriented
design, near zone-oriented design, intermediate zone-ori-
ented design, or alternatively for differently soft/hard
designs.

Preferably, the interpolation 1s performed depending on the
spatial position of the predetermined point P, .. The closer
the predetermined point in the design polygon is to a corner or
a corner point, the higher 1s the weighting of the corner design
associated with the corner point and the more strongly is the
design to be calculated or defined adapted to this corner
design. On the basis of the spatial position of a predetermined
point within the design polygon, 1t 1s possible to determine the
value of the respective design parameter by a suitable inter-
polation and/or weighting of the predetermined values of the
at least one design parameter of the corner designs in depen-
dence on the spatial position of the point within the design
polygon. For example, the weighting of each corner design
can be performed depending on the distance between the
predetermined point Py, ;.,, and the respective corner point.

In addition to the designs in the corner points (corner
designs), 1t 1s also possible to optionally specily one or more
turther designs, which are characterized by predetermined or
predeterminable values of the design parameters, at least one
additional pointP , , ... withinthe design polygon. Thus, the
interpolation can be controlled more finely, for example.

The additional point P , , .. can be a central point, which
preferably coincides with the focus of the design polygon and
which defines a predetermined central or base design. The
central or base design can be a design for a universal, bal-
anced progressive spectacle lens, for example. The weighting
or interpolation can then be performed taking the distance
between the additional pointP , , ... (for example the central
point) and the point P, into consideration. The corner
designs can be designs that are dertved from the central or
base design e.g. by variation of a parameter or several param-
cters. For example, the corner designs can be characterized by
extreme values, which e.g. correspond to the maximally
admissible deviations of one or more designs parameters of
the central or base design.

Additionally or alternatively, it 1s possible to specily the
values Y(P, ... ) of the design parameters IV, =1 ... M at
least one additional pointP , , ... on each of the side edges of
the design polygon. The weighting or interpolation can then
be performed as described above taking the distance between
the additional point P, , ... and the point P, into con-
sideration.

As has been explained above, each design can be charac-
terized by a multitude of design parameters IV, j=1, .. . , M,
such as the size of the viewing zones, the position of the
viewing zones, the spatial position of the principal visual
points (reference points distance and near), the maximally
admissible aberrations and/or gradients of the aberrations,
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parameters that characterize the object distance model, etc.
The values of the design parameters characterizing the
respective design can be stored as data files and/or be stored
in a database and be read out therefrom.

Each point within the design polygon defines a design for
a progressive spectacle lens, which 1s characterized by a tuple
or a set of values of the design parameters V. An advantage of
the method disclosed herein 1s that it allows a quick and
eificient calculation of a new design with a multitude of
design parameters. A further advantage of the preferred
method 1s the simple and intuitive presentation or visualiza-
tion of complex characteristics of progressive designs, which
1s characterized by a multitude of different combinations of
design parameters that are partly difficult to access for a user.
Thanks to the simple and intuitive presentation of a design as
a point within a design polygon, the interaction of a user (for
example a designer or an optician) via a corresponding device
1s simplified considerably and the design finding process 1s
cased, accelerated and improved significantly. Thus, 1t 1s pos-
sible to quickly and efficiently determine a design and a
progressive spectacle lens produced or to be produced
according to this design, which 1s optimally adapted to the
individual needs of the spectacle wearer.

In addition to individual, universal progressive spectacle
lenses, progressive spectacle lenses for different focuses of
activity, such as sports progressive spectacle lenses, progres-
stve spectacle lenses for work at a computer, etc., can be
produced with the present method. It 1s also possible to cal-
culate and produce individual room or near-vision lenses, 1n
which the distance portion 1s not adapted for infinity vision,
but for vision to a finite object distance. In such progressive
spectacle lenses, a mid-range reference point or mid-range
design point (also referred to as a design point mid-range) can
be predetermined instead of a distance reference point or
distance design point (also referred to as a design point dis-
tance).

Since different design variants can be produced quickly
and efficiently and tested against each other using the method
disclosed herein, the development and production effort for
conventional, power-optimized or individual progressive
spectacle lenses can be reduced significantly.

The mterpolation can be an arbitrary interpolation, for
example a linear, a quadrangular, a cubic, etc. interpolation.

For example, the interpolation can be a linear interpolation
at least 1n sections. In particular, there can be specified sec-
tions 1n which the predetermined values are interpolated dii-
terently, wherein in each of the sections the interpolation of
the predetermined design values 1s performed linearly, for
example. A division into several sections allows a finer con-
trol of the interpolation. Preferably, the interpolation 1s a
linear interpolation.

The design polygon can be a design triangle, which 1s
preferably an equilateral design triangle. A design triangle
cnables a very simple and intuitive presentation of the char-
acteristics of a design (as a point within the design triangle) as
well as a quick and efficient determination of the values of the
design parameters of the design to be determined.

According to one aspect, in addition to the values of the
design parameters in the corner points of the design polygon
(for example the design triangle), the values DY(P._ . ) of
the design parameters IV, =1, . . ., M, which characterize the
design at a central pomt P, . within the design polygon,
are predetermined or predeterminable. The value (P Design)
of each design parameter ) at the point Pp,_;,,, can then be
calculated by an interpolation of at least part of the predeter-
mined values IV(P ) of the design parameter IV at the

Corrier
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corner points P__ _ and the value DY(P,._ .. ,) of the design
parameter [V at the central point P._ ...
The interpolation (1n sections) can comprise the following
steps, for example:
determining the penetration point P, . 1n the direc-
tion of the vector P, .. pesien, 01 the straight line
through the central point P,,,,.,; and the point Py, .,
with one of the side edges of the design polygon,
wherein the vector P, .. P starts at the central

Desigr
point Pc,,,,.; and ends at the point Pp,, ;. ;

determining the two nearest points P,,, and P,,,, on the
side edge ol the design polygon on which the penetration
point P, lies as well, in which corresponding

cerelralfior

values DY (P, ,) and D/ (P, ,) of the design parameter IV

are predetermined, wherein the penetration point

P, ... lies between the two points P, , and P,,,, on
the side edge of the design polygon,;

determining the value Y(P,_ . . ) ofthe design param-
eter IY at the penetration point P, ... by afirst inter-
polation of the values of the design parameters IV(P,,, ,)
und IY(P,, ) at the two points P, , and P, .;

determining the value DY(P Design) Of the design parameter
LY at the point Py, ,,,, by a second interpolation of the

determined value Y(P,_ .. .. )olthedesign parameter
and the value

[V at the penetration point P, . .
Y(P,.. .. .) of the design parameter 1Y at the central
point P, ...

Preferably, the iterpolation 1s performed 1n a polar coor-
dinate system {¢,p}, wherein the origin of the coordinate
system coincides with the central point P, .., and wherein
the first mterpolation 1s an interpolation, preferably a linear
interpolation, with respect to or along the polar coordinate ¢,
and the second interpolation 1s an interpolation, preferably a
linear interpolation, with respect to or along the polar coor-
dinate p.

The polar coordinate system can be an arbitrary polar coor-
dinate system. For example, the angle ¢ 1s the angle between
a straight line that passes through the central point and 1n
parallel with one of the sides of the design polygon, and the
straight line that passes through the central point and the point
P pesien- The coordinate p designates the distance of the point
P from the central point.

For example, 1t may hold for the first interpolation:

Design

D’ (Pyp2) — DY (Pypy)

DJ(PPEHEI‘FHI‘IIDH) — DJ(PNLI) +
(w2 — @nLL)

(@0 —©nr1)-

For example, 1t may hold for the second interpolation:

DJ(PCEHIT{I!) - DJ(PPEHETFGH.DH)
£

DJ(PDESIIEH) — DJ(PPEHE’IFEII'DH) + (0s — pi)

or

‘}-)f (P Be;ign)zﬂ (P Penen“czrfan)_l_Dj (P Cenn“czf)_
DJ(PPenerraﬁon)(l_a):
in which:
(¢,p) designate the polar coordlqates of the point P Design’
(Onr7 1sPr7») and (P -Pa7~) designate the polar coordinates
of the two nearest points P, , and P, ,, wherein the con-
dition ¢  =0=¢ ;- applies;
0« designates the distance of the point P,

erelralion fI'Om the
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Y(P., ) and IY(P,, ,) designate values of the design param-
eter IV at the points P,,,, and P, ,, respectively, wherein
the points P, , and P,,; , represent the points nearest to the
pomnt Py, ;... for which points the design parameters Y are
predetermined; and

DY(P,..... ) designates the value of the design parameter IV in
the central pomnt P, .. ..

Thus, 1t 1s possible to quickly and efficiently determine the
design to be specified and to subsequently calculate or opti-
mize and produce a spectacle lens with the determined
design.

The design parameters IY can comprise one or more of the
tollowing parameters:

weilghting of the distance portion;

weighting of the near portion;

welghting of the progression portion;

welghting dynamaics;

focuses of use of the spectacle lens;

parameters specilying the position of the distance, near

and/or progression portions;

spatial position of the distance and/or near reference or

design point(s);

parameters specitying the course of the object distance

function;

parameters determining the course ol one or more target

1soastigmatism lines;

maximally admissible aberrations, 1n particular maximally

admissible refractive error, and/or maximally admis-
sible astigmatism error, and/or maximally admaissible
astigmatism gradient.
Each combination of design parameters can specily a
design of a progressive spectacle lens. The design (target
astigmatism distribution, distribution of the target refractive
power or distribution of the target refractive error, etc.), which
corresponds to the respective combination of design param-
eters, can be calculated and stored 1n a database in advance,
for example. However, 1t 1s also possible to automatically
calculate the design (target astigmatism distribution, distri-
bution of the target refractive power or distribution of the
target refractive error, etc.) on the basis of the design param-
cters. The applications WO 2008/089998 and WO 2008/
089995, which are each hereby incorporated by reference,
describe methods and devices for obtaining and/or calculat-
ing the design parameters on the basis of collected customer
data (data of the spectacle wearer). The design parameters
then control the design of the spectacle lens. A method for
determining or calculating a design by a transformation of a
predetermined starting design in dependence on obtained
individual design parameters, 1n particular of the spatial posi-
tion of the distance and/or near reference point(s), 1s
described 1n the application WO 2008/089996, which 1s
hereby incorporated by reference.
According to one aspect of the disclosure herein, a device
for determining or calculating design parameters 1Y, j=
1, ..., M of a design for a progressive spectacle lens 1s
proposed. The device comprises:
design polygon storage means adapted to store data of a
predetermined design polygon, wherein each point P
within the design polygon designates or defines one
design, and the design i1s characterized at the point P by
design values DY (P);

design parameter calculating means adapted to perform a
preferred method for determining or calculating the
design parameters I, =1 . . . M of the design to be
calculated on the basis of the stored, predetermined
design polygon.
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In particular, the design polygon storage means comprise:

corner design storage means for storing the design values
DYP, ..), =1, ..., M of the design parameters that
characterize the design at the respective corner point
P, .. .. of the design polygon, and

optionally, additional storage means for storing the values
DY(®P, ... ) of the design parameters that characterize
the design at least one additional point P, , ...~ within
the design polygon.
The design parameter calculating means can be imple-
mented by correspondingly configured or programmed con-
ventional computers, specialized hardware and/or computer
networks or computer systems, etc. The design parameter
calculating means can be 1n signal communication with the
design polygon storage means by suitable interfaces, and 1n
particular read out and/or modity the data stored 1n the design
polygon storage means (comprising corner design storage
means and, optionally, additional storage means). The design
parameter calculating means may further comprise an inter-
active graphical user interface (GUI), which enables a user to
interactively change the position of the design within the
design polygon and/or one or more design parameters asso-
ciated with a design.
According to a further aspect, a computer program product
(1.e. a computer program claimed 1n the patent category of a
device) or a storage medium with a computer program stored
thereon 1s proposed, wherein the computer program product
or the computer program 1s adapted, when loaded and
executed on a computer, to perform a preferred method for
determining or calculating the design parameters DY, j=
1, ..., M of adesign for a progressive spectacle lens.
According to a further aspect, a computer-aided method for
determining or calculating a design for a progressive spec-
tacle lens on the basis of a predetermined design polygon as
well as corresponding computer program products and stor-
age media are proposed, wherein:
cach pomnt P within the design polygon designates or
defines one design, and the design at the point P 1s
characterized by design values DY (P);

design values Y(P._.. _).j=1, ..., M ofthe design param-
cters, which characterize the design at the respective
corner points P.__ ot the design polygon, are prede-
termined or predeterminable; and
optionally, values IY(P, ... ) of the design parameters,
which characterize the design at least one additional
pomt P, , .. within the design polygon, are predeter-
mined or predeterminable;

wherein the method comprises:

determining or calculating the design parameters for a
progressive spectacle lens according to a preferred
method for determining or calculating the design param-
eters of a design for a progressive spectacle lens;

calculating a design on the basis of the determined design
parameters.

In particular, calculating or determining a design com-
prises determining or calculating spatial distributions of tar-
get values ol one or more 1maging properties or aberrations of
the spectacle lens to be calculated, in particular the target
astigmatism distribution. The distributions of the target val-
ues, which correspond to a combination of values of the
design parameters, can be calculated and stored 1n a database
in advance, for example.

As has been stated above, a method for determining or
calculating a design by a transformation of a predetermined
starting design in dependence on obtained individual design
parameters, i particular of the spatial position of the distance
and/or near reference point(s), 1s described 1n the application
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WO 2008/089996, for example. A turther method for deter-
mining or calculating a design in dependence on design

parameters, in particular a weighting of the distance and/or
near portion(s), 1s described 1 DE 10 2009 005 206.2 or 1n
DE 10 2009 005 214.3, for example, which are each hereby

incorporated by reference. A transformation of a predeter-
mined target astigmatism distribution with a base addition
Add, by a multiplication with a scaling factor s 1s described in

the patent application DE 10 2008 015 189.0.

The determined or calculated design can be a spectacle lens
design for a progressive spectacle lens with an object-side or
preferably eye-side progressive surface. The opposite surface
can preferably be a simple spherical or rotationally symmet-
ric aspherical surface. It 1s also possible to calculate or pro-
duce a design for a double-progressive spectacle lens using
the above-described method.

The disclosed method for determining or calculating a
design for a progressive spectacle lens 1s suitable both for
producing a design or design variants for conventional or
power-optimized progressive spectacle lenses and for pro-
ducing designs or design variants for individually optimized
progressive spectacle lenses.

The method for determining or calculating a design for a
progressive spectacle lens can further comprise modifying
the determined design, wherein modifying 1s preferably per-
formed 1interactively 1n a dialogue with a user and/or auto-
matically on the basis of individual data and/or preferences of
a spectacle wearer. The calculated design can further be trans-
formed and/or scaled, for example to change the position of
the design or reference points and/or to adapt the object
distances in the design or reference points. Moreover, limits
can be set to the possible and/or desired design modification
in advance.

Further, the method can comprise visualizing the spatial
position of the modified design within the design polygon.
This can be achieved by suitable graphical user interfaces, for
example.

A turther aspect of the disclosure herein relates to a device
for determining or calculating a design for a progressive
spectacle lens, comprising:

design polygon storage means for storing data of a prede-

termined design polygon, wherein each point P within

the design polygon designates or defines one design, and

the design 1s characterized at the point P by design

values DY (P);

wherein the design polygon storage means comprise:

corner design storage means for storing the design val-
ues V(P _),j=1, ..., M ofthe design parameters
that characterize the design at the respective corner
point P, of the design polygon, and

optionally, additional storage means for storing the val-
ues Y(P, , ... ) of the design parameters that charac-
terize the design at least one additional pomntP , ..
within the design polygon;

design calculating means adapted to calculate a design for

the progressive spectacle lens according to a preferred
method for producing or calculating a design for a pro-
gressive spectacle lens.

Further, the design calculating means comprise design
parameter calculating means, which are adapted to perform a
preferred method for determining or calculating the design
parameters [V, j=1 . . . M of the design to be calculated on the
basis of the stored, predetermined design polygon. The
design calculating means are preferably adapted to calculate
a design for the progressive spectacle lens according to a
preferred method for producing or calculating a design for a
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progressive spectacle lens 1in dependence on the determined
or calculated design parameters.
The design calculating means and the design parameter
calculating means can be implemented by suitably configured
or programmed computers, specialized hardware and/or
computer networks or computer systems, efc.
A Turther aspect of the disclosure relates to a computer-
aided method for producing a progressive spectacle lens,
comprising;
determining or calculating a design for a progressive spec-
tacle lens according to a preferred method for determin-
ing or calculating a design for a progressive spectacle
lens on the basis of a predetermined design polygon;

calculating or optimizing the spectacle lens on the basis of
the calculated spectacle lens design.

Calculating or optimizing the spectacle lens can comprise
mimmizing the target function:

il

F(;) — Z [gi,ﬂsr (ASIE - ASIE,TargE'r)Z + .. ]
i=1

wherein

Ast; 1,00 18 the target value of the local astigmatic deviation
or the local astigmatic error at the i evaluation point;

Ast. 1s the actual value of the local astigmatic deviation or the
local astigmatic error at the i”” evaluation point;

g, 45 18 the local weighing of the astigmatic deviation or the
local astigmatic error at the i”” evaluation point.

Further preferably, the refractive error AR 1s also taken 1nto
account 1n the target function, so that calculating or optimiz-
ing the spectacle lens comprises minimizing the target func-
tion:

il

F(X) — Z [gi,ﬂﬁ(&ﬁi - &Ri,Targﬂ)z + gi,ﬂsr(ASIi - ASIE,TargEI‘JZ + .. ]
i=1

wherein

ARI’ {a

Targer 1s the target value of the local refractive error at the
oA
1

evaluation point;

AR. is the actual value of the local refractive error at the i
evaluation point;

g, ar 18 the local weighing of the refractive error at the i
evaluation point.

In the above formula, Ast, ..., designates the local astig-
matic deviation Ast, ,, ., which is assigned to the previously
calculated design for a progressive spectacle lens, and
AR; 7,00, designates the target value of the local refractive
error AR, ..., which 1s assigned to the previously calculated
design for a progressive spectacle lens.

The calculation or optimization of the spectacle lens can be
performed taking individual data of the spectacle wearer into
account. The individual data of the spectacle wearer can
comprise mdividual parameters of the spectacle wearer and/
or individual parameters of the position of wear of the spec-
tacle lens or the spectacles in front of the eyes of the spectacle
wearer. The average or individual parameters of the spectacle
wearer and/or of the position of wear of the spectacle lens can
in particular comprise the pupillary distance (PD), the corneal
vertex distance (CVD), the forward inclination (FI), the face
form angle (FFA), etc.

The calculation or optimization of the spectacle lens can
turther comprises providing surface data of the calculated

spectacle lens, in particular providing surface data of the at
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least one progressive surface of the spectacle lens. The
method for producing a progressive spectacle lens can further
comprise a step of manufacturing or finishing the spectacle
lens on the basis of the surface data. The manufacture can be
performed by CNC machines, casting methods, a combina-
tion of the two methods, or using other suitable methods.

According to one aspect of the disclosure, a device for
producing a progressive spectacle lens 1s proposed, compris-
ng:

design calculating means adapted to calculate a design for

the progressive spectacle lens according to the one pre-
ferred method for producing or calculating a progressive
spectacle lens design; and

optimizing or calculating means adapted to perform a cal-

culation or optimization of the spectacle lens on the
basis of the calculated design.

The optimizing or calculating means for optimizing a spec-
tacle lens and the design calculating means can be 1mple-
mented by suitably configured or programmed computers,
specialized hardware and/or computer networks or computer
systems, etc. It 1s possible for the same computer or the same
computer system to be configured or programmed such as to
perform both the calculation of the design for the spectacle
lens and the calculation or optimization of the spectacle lens
on the basis of the calculated design. However, 1t 1s of course
possible for the calculation of the design and the calculation
ol the spectacle lens on the basis of the calculated design to be
performed 1n separate computing units, for example 1n sepa-
rate computers or computer systems. The optimizing or cal-
culating means can be 1n signal communication with storage
means, which store individual data of the spectacle wearer in
a temporary or permanent fashion.

Further, the device for producing a progressive spectacle
lens can comprise machimng means for finishing the spec-
tacle lens. The machining means can be CNC-controlled
machines, for example, for direct machining of a blank on the
basis of the determined optimization specifications. Prefer-
ably, the finished spectacle lens has a simple spherical surface
or rotationally symmetric aspherical surface and a progres-
stve surface optimized on the basis of the design specifica-
tions, calculated according to the method disclosed herein,
and individual data of the spectacle wearer. Preferably, the
spherical or rotationally symmetric aspherical surface 1s the
front surface (1.e. the object-side surface) of the spectacle
lens. However, 1t 1s of course possible to provide the surface,
which has been optimized on the basis of the calculated
design, as the front surface of the spectacle lens. It 1s also
possible for both surfaces of the spectacle lens to be progres-
s1ve surfaces.

The device for producing a progressive spectacle lens can
also comprise obtaining means for obtaining individual data
of the spectacle wearer. The obtaining means can 1n particular
comprise graphical user interfaces.

Further, a computer program product and a storage
medium with a computer program stored thereon are pro-
posed, wherein the computer program product or the com-
puter program 1s adapted, when loaded and executed on a
computer, to perform a method for calculating and optimizing
a progressive spectacle lens, the method comprising the fol-
lowing steps:

calculating a design for the progressive spectacle lens

according to a preferred method for producing or calcu-
lating a progressive spectacle lens design;

calculating or optimizing the progressive spectacle lens on

the basis of the calculated design.

As has been explained above, the use of a design polygon
enables a simple and intuitive presentation or visualization of




US 9,354,455 B2

11

complex characteristics of progressive designs, which 1s char-
acterized by a multitude of different combinations of design
parameters that are partly difficult to access for a user.
According to an aspect of the disclosure herein, a com-
puter-aided method for visualizing a design for a progressive
spectacle lens on the basis of a predetermined design polygon
as well as corresponding computer program products and
storage media are proposed, wherein:
cach pomt P within the design polygon designates or
defines one design, and the design at the point P is
characterized by design values IV(P);
design values Y(P___).,i=1, ..., M of the design param-
eters, which characterize the design at the respective
corner points P of the design polygon, are prede-
termined or predeterminable;
optionally, values IY(P, ... ) of the design parameters,
which characterize the design at least one additional
pomt P, , .. within the design polygon, are predeter-
mined or predeterminable,
and wherein the method comprises:
speciiying design parameters or values of the design
parameters of the design to be visualized;
determining the spatial position ot a point Py, ., within
the design polygon, which corresponds to the predeter-
mined combination of design parameters or the values of
the design parameters of the design to be visualized;
visualizing the spatial position of the determined point

Ppesiens Which detines the design, within the design

polygon.
The visualization of the spatial position of the determined

point Py, ., can be performed by suitable, preterably inter-
active, graphical user iterfaces (GUI). Thanks to the simple
and intuitive presentation of a design as a point within a
design polygon, the interaction of a user (for example a
designer or an optician) via a corresponding device 1s simpli-
fied considerably and the design finding process 1s eased,
accelerated and improved significantly.

The method for visualizing a design for a progressive spec-
tacle lens can further a comprise a step of deciding, depending,
on the visualized spatial position of the determined point
P of the design, whether the design can be accepted

Desigr
without modification or whether the design has to be modi-

fied.

Further, the method for visualizing a design for a progres-
stve spectacle lens can comprise modifying one or more
design parameters, determining the spatial position of a point
P' pesiern Within the design polygon, which corresponds to the
modified combination of design parameters or of the values of
the modified design parameters, and visualizing the spatial
position of the determined poimt P'y, .., which defines the
modified design, within the design polygon.

The design parameters of the design to be visualized can
comprise weightings g ,n=1, ..., N of each of the designs 1n
the corner points P, .. The vertical distances a_, n=1, . . .,
N of the point to be determined P, , from the respective
side edge of the design polygon can be calculated according

to the formula:

an = ———8&nn=1... N

2. &n

n=1

wherein:
k 1s a predetermined number and preferably k=100 holds.
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Also, according to a further aspect, a device for visualizing

a design for a progressive spectacle lens 1s proposed, com-
prising:

design polygon storage means for storing data of a prede-

termined design polygon, wherein each point P within

the design polygon designates or defines one design, and

the design 1s characterized at the point P by design
values IY(P);

wherein the design polygon storage means comprise:

corner design storage means for storing the design val-
ues Y(P.._),i=1, ..., M of the design parameters
that characterize the design at the respective corner
point P of the design polygon, and

Corrmey

optionally, additional storage means for storing the val-
ues Y(P, .. ) ofthe design parameters that charac-
terize the design at least one additional pomntP , ...
within the design polygon;

at least one design parameter input portion adapted to input
design parameters or values of the design parameters of
the design to be visualized;

calculating means adapted to determine the spatial position
of a point P, ., within the design polygon,‘wherein the
point Pp,;.,, corresponds to the predetermined combi-
nation of design parameters or ol the values of the design
parameters of the design to be visualized;

at least one display portion adapted to visualize the calcu-
lated position of the determined point P, within the
design polygon.

esign

Further provided is a graphical user interface for visualiz-
ing a design for a progressive spectacle lens, wherein the
design 1s visualized as a point within a predetermined design
polygon, comprising:

at least one design parameter input portion adapted to input

design parameters or values of the design parameters of
the design to be visualized;

at least one design polygon display portion adapted to
visualize the spatial position of a point P, within a
predetermined design polygon, wherein

esSIgH

the pomnt Py, ., corresponds to the predetermined com-
bination of design parameters or the values of the
design parameters of the design to be visualized;

cach point P within the design polygon designates or
defines one design, and the design at the point P 1s
characterized by design values IV(P),

design values Y(P,_, ), =1, .. ., M of the design
parameters, which characterize the design at the
respective corner points P, of the design poly-
gon, are predetermined or predeterminable;

optionally, Iihe values D’(P AdiTirion) (:Jf the design param-
eters, which characterize the design at least one addi-
tional point P, , ... within the design polygon, are
predetermined or predeterminable.

Further advantages and features of the present disclosure
will be described by way of example in the following with
reference to the accompanying drawings ol preferred
embodiments. It 1s reiterated that features shown with refer-
ence to separate embodiments can be combined with each
other 1n an arbitrary manner to form new embodiments.

A simple but very impressive method of design visualiza-
tion and design variation taking into account at least three
selected focuses of activity can be performed on the basis of
the position of a point 1n a preferably equilateral triangle, the
design triangle.
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FIG. 1 shows such a design triangle by way of example. In
FIG. 1:

The point P=P(X,X)=Pp,;,, designates an arbitrary point
within the design triangle 10, at which the values ofthe design
parameters are to be determined;
the pomnt S=S(X.,v<)=P~., ......... designates the point of inter-

section of the straight line, which passes through the cen-

tral point Po=P4,(0,0) and the point P=P(X.y), 1n the direc-
tion ot the vector PP and ot the side edge of the design
polygon 10, wherein the point Py, indicates the start and

the point P=P(x,y) indicates the end ot the vector P,P:
Pyo=P co,rrar(0,0) designates the central point of the design

polygon 10;

the points P,=P5(X5.Y5), Poa=Peu(X4.Y4), Pys(Xs.Ys) des-
ignate the respective corner pomnt (P P
P. . . )) of the design polygon; and
the points Py, =Py, (X1,¥1), Pg3=Pga(X3,¥3), Pys(Xs,ys) desig-

nate the respective additional pomnt (P, ..., P70 5,

P,. .. 3))at which the values of the parameters of the

respective design are predetermined.

In FIG. 1, the point P ,=P,(0,0) coincides with the origin
of the coordinate system {x.,y} and with the priority of the
design polygon 10. The axis “x” of the coordinate system 1s
parallel to one of the side edges of the design polygon 10, in
the present case parallel to the side edge Py P . The axis “y”
1s perpendicular to the axis “x”. The central point 1s assigned
a base design with a predetermined design parameter “IV”,
wherein j 1s an mteger from 1 to M.

The angle ¢ 1s the angle between the vector from the central
point P, (0,0), which matches with the triangle midpoint, for
example, to an arbitrary point P within the design polygon of
the X axis. The distance p 1s the distance between the central
point and the point P. The characteristic ¢ 1s the ratio of the
distance between the central point Py, and the point P, and the
distance (p o) between the central point and the point of inter-
section S. IT the characteristic 1s =0, the point P 1s in the
center, 1.e. coincides with the central point Py, If the charac-
teristic 1s o.=1, the point 1s on the triangle side or on the side
edge of the design polygon 10.

Like in the embodiment shown in FIG. 1, the points P, to
P, (also reterred to as edge or boundary points) can be on an
equilateral triangle, wherein this 1s not considered anecessary
characteristic. The points can also describe a general N-cor-
ner, so that a design N-corner 1s defined 1nstead of the design
polygon.

Starting from the central poimt Py, each of the edge or
boundary points point Py, to P, 1s assigned exactly one value
ol the considered design parameter “D”. IT D designates an
arbitrary design parameter of the base design, then D(P,) to
D(Pgs) designate the associated design parameter in the
points Py, to Pyg. The values D(Py, ) to D(P ) for the edge or
boundary points Py, to Pyg can be specified directly. From
these points, the value of the design parameter D can be
calculated for an arbitrary point P=P(X,y) by simple interpo-
lation routines.

The simplest interpolation is the linear interpolation. An
exemplary linear interpolation can be performed as follows:

First of all, the two edge or boundary points of the design
triangle 10 are determined, which span a triangle segment
with the central point Py, within which the point P lies. In
FIG. 1, these are the ponts P, P, and P,. Stated ditfer-
ently, first of all the sector of the design triangle, which 1s
defined by the central point P, and two of the edge or bound-
ary points Py, to Py and in which the point P lies, 1s sought.
If one 1imagines plotting the associated design values as a third
coordinate (z direction, perpendicular to the drawing plane of
FIG. 1) at these points, then a plane 1s spanned thereby. The
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value 1n the z direction, which belongs to the coordinates of
P(x,y), then 1s the design value that 1s assigned to the point P.
For example, this can be achieved by performing a linear
interpolation twice at least 1n sections, the steps being:
1) Calculating the polar coordinates of the point P. This are
the polar coordinates ¢, p
2) Calculating the polar coordinates ot the edge points Py,
10 Pyet @5+ -+ 5 P
3) Looking between which predetermined values ¢, and
¢,., the angle ¢ lies: ¢.=¢p<¢,, ,, wherein ¢, and ¢, ,
designate the angular coordinates of the two edge points
P,; and Py, that are closest to point S. Put ditferently,

this step comprises determining the two closest points
Pyzi 5Py, and Py, (5P, ;) on the side edge of the
design polygon, on which the penetration point
P lies.

Fenetration

4) Calculating the value of the design parameter D at the
edge or boundary point S:

Diyy =D

Ds =D + (0 — o).
Wirl — @i

5) Calculating the characteristic

6) Calculating the value of the design parameter D at the
point P by a linear interpolation according to p or c.

Dy — Dy

£s

Dp=Dgs+

(os —p) = Ds + (Do — Ds)(1 — a).

In the above formulae:

Dy=D(Pg,) designates the value of the parameter D in the
central point P,=(0,0);

D=D(P,,) and D, ,=D(P,,, ) each designate values ot the
parameter D 1n the two determined edge or boundary points
that are closest to the point S;

D ~=D(S) designates the determined value of the parameter D
in the point S;

D _=D(P) designates the value of the parameter D 1n the point
P.

The values of the other design parameters can be deter-
mined 1n the same way.

The corners of the design triangle 10 can represent differ-
ent focuses of use and design. For example, one of the corner
points can define a room design, one of the corner points can
define an intermediate zone-oriented design (for example a
design for a computer workplace), and one of the corner
points can define a design with the focus on near vision
(reading, watchmaker, etc.).

The closer the point in the design triangle 10 1s to a corner,
the higher the weighting of this focus of application or design
1s and the more strongly the design to be determined 1is
adapted to the focus of application or design. In the following,
R designates a room design, Z an intermediate zone-oriented
design, N for the focus on near vision or for a near zone-
oriented design.

Naturally, the focuses of design can also represent other
variables, such as a hard design, a soft design, a dynamic
design, etc., or other focuses of activity.
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Generally, 1t 1s true for a point in the equilateral triangle that
the sum of the vertical distances from the triangle sides 1s a
constant:

a p+a +a—K=constant.

These distances can simply be taken into account for the
design weighting of the opposite corners. Advantageously,
one sets K=100. Then, the lengths of the lines a,, a_, and a,,
automatically correspond to the percentage weightings of the
respective design corners. The three percentage weightings
can then be combined to form a six-digit design number. This
allows the corresponding spectacle lens to be 1dentified and
ordered with only one single number, the so-called design
number.

The design number can be defined as follows:

The first two digits, 1.e. the hundred thousand’s place and
the ten thousand’s place, constitute the weighting room a,,
the next to digits, 1.e. the thousand’s place and the hundred’s
place, constitute the weighting intermediate zone a.,, and the
last to digits, 1.e. the ten’s place and the one’s place, constitute
the weighting near a,,.

Accordingly, the design number 224731 means: a,=22,
a,~47 and a,~31.

As has been described above, the automatic design modi-
fication 1s suitably performed depending on the position of
the point 1n the design triangle 10 by an 1nterpolation of the
predetermined values of the design parameters or of the pre-
determined design-defining lens sizes.

Starting from a specific base or starting design produced
tor the respective product type (universal progressive spec-
tacle lens, indoor lens), the spectacle lens designer can set the
limits to the possible or desired lens modification. These
limits then determine the values of the design parameters 1n
the corner points.

Parameters of a design or the design-defining lens sizes are
listed 1n the following table 1:

TABLE 1
A(BF) reciprocal object distance in the reference point distance
A[(BN) reciprocal object distance in the reference point near
O o distance portion weighting (0-100)
i near portion weirghting (0-100)
O p welighting prog. zone (0-100), Gaussian maximum of A
DkGW dynamics weight (0-100),
dDF ADF vertical position of the design point distance
dDN ADN vertical position of the design point near

etc.

For at least the three corners of the design triangle, advan-
tageously also for one intermediate point each on the triangle
sides, the values of the design parameters shown 1n FIG. 2 or
FIG. 4 are listed 1n tabular form for one design each.

In column 1 (col. 1) in FIGS. 2 and 4, values of the design
parameters 1n the central point (or for the central design) are
indicated, 1n columns 2 to 7 (col. 2 to col. 7), the values of the
design parameters 1n the predetermined edge or boundary
points on the side edges of the design triangle 10 are indi-
cated. The angular coordinate ¢ of the respective edge or
boundary point 1s indicated in the first row of the table (cf.
Row design number basis.

In FIGS. 2 and 4:

A1BF designates the reciprocal object distance in the refer-
ence point distance;

A2BN designates the reciprocal object distance 1n the refer-
ence point near;

FTGW designates the distance portion weighting (value 0 to

100):
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PZGW designates the weighting of the progression or inter-
mediate zone;
NTGW designates the near portion weighting (values O to

100);

DkGW designates the weighting dynamics.

The design parameters can also comprise further param-
cters. These parameters can comprise parameters, for
example, that directly or indirectly characterize the object
distance model and/or the course of the principal line and/or

the position of the design or reference points for near and/or
distance.

The values of the design parameters or the determination
variables are specified for the selected designs at the corners
and possibly also intermediate values on the triangle sides,
which do not have to be the medians. Then, an interpolation of
the specified design parameters or determination variables 1s
performed twice for an arbitrary point in the design triangle

10.

The specification and the later two-dimensional interpola-
tion can be tor two of the three distances a,, a.,, and a,,. Since
the sum of the three distances 1s constant in the equilateral
triangle, there are only two independent variables. Preferably,
however, the interpolation 1s performed 1n the two variables
angle ¢ and characteristic a, as has been described above.

The first interpolation 1s performed according to the angle
¢, and the second nterpolation according to the characteristic
c.. A continuous design transition 1s obtained thereby.

FIG. 3 exemplarily shows a two-dimensional design inter-
polation by a design triangle. D designates a design parameter
in the respective point of the design triangle 10.

7 designs are deposited. The center of the design triangle
defines or determines a balanced design, the corners of the
design triangle three cormner designs, and the medians of the
design triangle three transitional designs. Each point within
the design triangle 1s then assigned a different design.

The transitions are made smooth by a linear mterpolation
of the design coellicients 1n polar coordinates, which is per-
formed twice.

For the design in the center of the design triangle, the
values of the design parameters can be stored directly i a
starting design file. The values of the parameters of the six
boundary designs, 1.¢. of the three corner designs and the
three transitional designs, can be derived from the values of
the design parameters. In this case, only the modification
coellicients are required. Alternatively, the values of the
parameters of the six boundary designs can be stored directly
in the starting design file.

FIG. 5a shows an example of a graphical user interface 20
for visualizing a design triangle and optionally modifying the
design, which 1s assigned to a point within the design triangle.
FIG. 5b6 shows an enlarged view of the graphical user inter-
tace 20 with the design triangle shown 1n FIG. 3a.

The graphical user intertace 20 comprises a first display
portion 22 and a second display portion 24.

The first display portion 22 comprises several sub-por-
tions. In the first sub-portion 26 (design triangle display sub-
portion), the calculated position of the determined point P=P
(X,¥)=P pesier, Within the design triangle 10 1s visualized. In
addition to the design corner points P, ..., P~ .. ., and
P. . _ ., alsothree additional pomnts?P, .. ., P, ... . and
P 4id4in0n3 @ well as one central point P,,,,,..;, on which the
values of the design parameters 1Y are specified, are visual-
1zed. The position of the point P within the design triangle 10
can be changed actively by the user. The corresponding
design parameters in the new position of the point P are
automatically calculated and displayed then.
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Moreover, the first display portion 22 1s adapted to display
and optionally modily (interactively) values of the design
parameters ol the design that 1s visualized or to be visualized.
The first display portion further comprises:

a sub-portion 28 adapted to display an optionally modify

an allocation of points 1n the “design profiler” (see FIG.
12);

a sub-portion 30 adapted to display the weightings of the
corner design (or of the designs assigned to the points
PeootvsPeo,....o and P~ _  .)and the six-digit design
number. In the concrete example, the weightings of the
distance, intermediate, and near zones are 15, 51 and 34,
respectively. The six-digit design number accordingly
reads 155134;

a sub-portion 32 adapted to display the angle ¢ (also
referred to as a design angle);

a sub-portion 34 adapted to display the characteristic a
(also referred to as a design characteristic).

The second display portion 24 1s adapted to (schemati-
cally) visualize the design assigned to the point P or the
combination of design parameters in the point P. In the con-
crete embodiment, the course of the 0.5 D target 1soastigma-
tism line of the target astigmatism distribution of the design
corresponding to point P 1s shown. In addition, the varation
limits of the course of the 0.5 D target 1soastigmatism line can
be shown. It 1s also possible to display or visualize other
design characteristics (for example distribution of the astig-
matic error, the refractive error, or other optical properties, the
visus, efc.).

The graphical user interface 20 can have further portions or
sub-portions adapted to mput, visualize and/or modity other
parameters of the calculated design.

FIGS. 6 to 8 show examples of graphical user interfaces
40A, 40B, 40C for visualizing and optionally interactively
moditying a design for a progressive spectacle lens, wherein
the design 1s visualized 1n particular as a point within a pre-
determined design polygon. The graphical user interfaces
40A to 40C each comprise a first display portion 42 and a
second display portion 44.

The first display portion 42 1s adapted to visualize the
calculated position of the determined point P=P, ., within
the design triangle 10. In the embodiments shown 1n FIGS. 6
to 8, the position of the point P 1s visualized by a small triangle
12. The position of the point P can be changed interactively.
The reference numeral 12' designates the new position of the
point P. The first display portion further comprises a design
parameter display portion 46 adapted to display design
parameters (for example design points) of the design corre-
sponding to the point P.

The second display portion 44 1s adapted to display the
visual impression through a progressive spectacle lens having,
the design assigned to the point P=P,_, . The second dis-
play portion can be further adapted to schematically display
(for example 1n a perspective or front view) a finished spec-
tacle lens or a pair of finished spectacle lenses having the
design assigned to the point P=P, . .

FIG. 9 shows different types of design within a design
triangle.

FI1G. 10 shows examples of three different designs within a
design triangle. The three types of design illustrated 1n FIG.
10 do not lie in the corners of the design triangle, but are
slightly displaced inward. They are not intended to represent
design extrema. Below the respective design are shown the
principal viewing distances (room, mid-range, and near);
extended comiort distances and the allocation of points con-
cerning the weightings room, mid-range, and near (design
characteristic); and the position of the design points.
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FIG. 11 shows an example of a graphical user interface 50
for inputting data of the progressive spectacle lens and of the
spectacle wearer. The data of the progressive spectacle lens
and of the spectacle wearer comprise 1n particular refraction
data (sphere (sph), cylinder (cyl), axis, addition (add), prism,
basis), individual parameters of the spectacle wearer and of
the mdividual position of wear (pupillary distance (PD) right
and left, corneal vertex distance (CVD) right and lett, forward
inclination (FI) right and lett, face form angle (FFA)); as well
as frame and centration data (fitting height right and left,
diameter right and left, decentration right and left, horizontal
lens size, vertical lens size, distance between the lenses
(AZG), etc.). Further, there 1s the possibility of indicating the
refractive distance near. If, during near vision, the spectacle
wearer exhibits a convergence behavior that deviates from the
standard, the predefined value (100%) 1n the field Inset can be
changed.

The individual parameters of the spectacle wearer and of
the individual position of wear (PD, CVD, FI, FFA, etc.) can
be obtained by a 3D video centration system (for example
ImpressionlST® Avantgarde by the company Rodenstock
GmbH), for example. The 3D video centration system allows
an exact determination of all individual parameters as well as
of the centration and frame data during a natural head and
body posture. Also, measuring tools developed for these pur-
poses can be used to determine the individual parameters.

The values of the frame and centration data can be entered
automatically as soon as a corresponding menu item or menu
button (for example “frame from tracer” or “iframe Roden-
stock’) has been selected. With the help of the function “adapt
to box dimension”, the frame can be adapted to the modified
frame data, 11 necessary.

The above-described method can be part of a computer
program for customer advisory services. During the consul-
tation, first of all the one starting position 1n the design tri-
angle can be determined and visualized. This starting posi-
tion, which determines a corresponding design, can be
generated directly from the customer preferences, 1.e. the
allocation of points e.g. 1n a graphical user interface (design
profiler or design optimizer), for example.

In particular, 1n a consultation, the customer (spectacle
wearer) can be asked about their preferences. On the basis of
this questioning, a maximum of 10 points can be allotted for
the three focuses of design assigned to the corners of the
design triangle 10 (for example room, intermediate zone, and
near) 1n the mput portion of the graphical user interface
“design optimizer” or “design profiler” 60 shown 1in FIG. 12.
Further, 1n this example, a maximum of 5 points can be
allotted for each focus. The allocation of points allows a direct
conclusion about the position 1n the design triangle 10, since
this allocation of points corresponds to the focuses of the
corners of the design triangle 10.

For example, 11 p,, p,, p5 designate the allocation of points
from the “design profiler” 60 and “a” designates a safety
distance to the edge of the design triangle 10, which the
starting position determined aiter the consultation preferably
1s to exhibit, then the distances of the point 1n the triangle to
the triangle sides are calculated as follows:

g1 =p1 ta,
g2 = P2 +a,
g3 =p3 t+a
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-continued
k

= 1
g1 +8&2+ &3
k
= 2
1 T8 t83
k
g1t 82+ &3

3

%)

{3 = g3,

wherein k 1s the required sum of the vertical distances to the
triangle sides (for example k=100).

A safety distance a 1s specified in order to not arrive at an
extreme lens design already after the first consultation. For
example, a can be =0.7. Also, the maximum single point

allocation can be p,,__=3.

Example:
profiler corrected values design weighting
roomp; =1 g, =1.7 a,=153=>15
TOOIM Py = I g5=2>5.7 a>=>51.4=>51
roOMm py = 3 g =3.7 a3 =33.3=>33

a=0.7

k=100

These parameters result in a design number=155133.

FIGS. 13 to 15 show further examples of graphical user
interfaces 40D, 40E, 40F for visualizing and optionally modi-
tying a design for a progressive spectacle lens (also referred to
as “design tuner” or “design optimizer” 1n the following. The
graphical user interfaces 40D to 40F each comprise a first
display portion 42 and a second display portion 44. The {irst
display portion 1s adapted to visualize the calculated position
of the determined point P=Pp, ., within the design triangle
10. In the embodiments shown in FIGS. 14 to 16, the position
of the point P 1s visualized by a small triangle 12. The first
display portion 42 further comprises a sub-portion 46 (design
parameter display portion) particularly adapted to display the
design number as well as design points mid-range DM and
near DN. The second display portion 44 comprises a design
display portion adapted to display the visual impression
through a progressive spectacle lens having the design
assigned to the point P.

The described procedure of generating the target, optimi-
zation and calculation specifications of progressive spectacle
lenses (progressive lenses) with a variable lens design can be
integrated mto a consultation program. However, the method
can ol course also be used without a consultation program. An
arbitrary number of lens designs can be generated from a
predetermined starting design file. For the individual prod-
ucts/designs, only the associated design number or position in
the design triangle has to be deposited. For example, the fixed
designs Frgo Book, Ergo PC, and Ergo Room of Multigressiv
Ergo and Impression Ergo by the company Rodenstock
GmbH are generated by depositing the associated design
numbers. Now, slight design modifications are always pos-
sible at a later time.

Also, additional designs with changed focuses (distance/
car driving design, near design, etc.) can be generated quickly
for an existing type of progressive lens/starting design, or
slight design modifications can be made. It 1s of course still
possible to additionally change the position of the design
points and to adapt the object distances 1n the reference of
design points.

Further embodiments, advantages, and characteristics of
the disclosure herein as well as background information can
be taken from the following examples.
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One example relates to the determination of a design for an
individual near-vision lens on the basis of a design triangle.

Near-vision spectacle lenses or near-vision lenses are pro-
gressive spectacle lens that enable a vision 1n near and inter-
mediate zones and the corresponding distances. The indi-
vidual viewing zones of the spectacle lens are adapted to the
vision in the different near distances and are arranged accord-
ingly. Classical near-vision lenses mostly have a progressive
front surface; the prescription surface 1s manufactured on the
eye side after receipt of order. Here, use 1s made of preformed
and thus standardized blanks (semi-fimished products) in the
manufacture according to the base curve system. In contrast
to spectacle lenses produced with the free-form technology,
they are not optimized for each power individually. As a
result, the optical performance of lenses with different refrac-
tion data from one and the same product family can be dii-
terent. Moreover, the {it of the frame and the physiognomy of
the spectacle lens mfluence the size of the viewing zones. If,
instead of the individual frame and centration data, standard
values are taken into account 1n the calculation of the lenses,
which deviate from the real situation of wear, this leads to a
restriction of the usable viewing fields. With the fixed degres-
s1ons of classical near-vision lenses, different visual heights
in the spectacle lens for specific distances result depending on
the accommodation of the spectacle wearer. Thereby, the
principal viewing distance does not coincide with the largest
viewing zone 1n the spectacle lens. Head posture and infra-
duction have to be adapted to the lens, which can become
uncomiortable over time.

In contrast, individual near-vision lenses (such as Impres-
s1on Ergo by the company Rodenstock GmbH) are calculated
or optimized individually taking prescription data, individual
data of the spectacle wearer (individual parameters of the
spectacle wearer and the position of wear of the spectacle lens
or the spectacles) into account. Moreover, ergonomics
parameters, design parameters and/or visual preferences can
be taken 1nto account.

The exemplary method for determining and optionally
optimizing a design for a near-vision lens, which will be
described in the following, allows designing a spectacle lens
and 1n particular a near-vision lens, which 1s optimized
according to the individual habits of a spectacle wearer for
use 1n near vision, 1n an efficient way. The new degrees of
freedom offer the possibility of adapting the design for a
near-vision lens to almost any situation during use at near and
mid-range distances. Thus, the spectacle wearer obtains
maximally large viewing zones for the distances they mainly
use, with smooth transitions between the central and periph-
eral viewing zones. The viewing zones are arranged such that
a relaxed and fatigue-iree vision at a natural head and body
posture 1s possible. Thus, optimum 1maging properties can be
ensured for all applications.

Within the design triangle (which can represent a famaily of
designs, for example a family of near-vision lens designs), 1in
particular the following types of the designs can be specified,
wherein the principal viewing distances are deposited for the
respective design, and the design points are matched to the
respective design. The three designs or types of designs cor-
respond to the three main applications of near-vision lenses
and the corner designs 1n a design triangle.

The Book Design

This design 1s selected such that 1t offers the widest view-
ing zones 1n the lens for a working distance within reach (in
approx. 40 cm). In addition, the spectacle wearer 1s guaran-
teed a clear vision up to approx. 90 cm. The design 1s made
such that 1t allows a larger viewing zone for vision at close
distances, combined with a comfortable infraduction. For this
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design, the design point mid-range DM can be at a vertical
height relative to the centration cross of 0 mm, and the design
point near DN can be at a vertical height relative to the
centration cross of —14 mm.

The PC Design

This design 1s selected such that it offers the widest view-
ing zones in the lens for a working distance to a PC/monitor.
In addition, the spectacle wearer 1s guaranteed a clear vision
within approx. 40 cm to approx. 1.20 m. The design 1s made
such that 1t offers a larger viewing zone for vision in the desk
distance. Due to the corresponding power increase in the lens,
the spectacle wearer has a clear vision within approx. 1.20 m
with the PC design. Thus, a person sitting opposite would still
be seen clearly. For this design, the design point mid-range
DM can be at a vertical height relative to the centration cross
of 0 mm, and the design point near DN can be at a vertical
height relative to the centration cross of —18 mm.

The Room Design

This design 1s selected such that it offers the widest view-
ing zones in the lens for a distance longer than a working
distance to a PC/monzitor. In addition, the spectacle wearer 1s
guaranteed a clear vision within approx. 40 cm to approx. 2
m. Due to the corresponding power increase in the lens, the
spectacle wearer has a clear vision within approx. 2 m at the
zero direction of sight with the room design. Thus, a thpchart
would still be seen clearly during a presentation, for example.
For this design, the design point mid-range DM can be at a
vertical height relative to the centration cross of —2 mm, and
the design point near DN can be at a vertical height relative to
the centration cross of —18 mm.

The following optimization parameters can in particular be
taken into account in the design determination and design
optimization:

ergonomics parameters (such as design characteristics

(characterized by the design number, for example) and
individual principal viewing distances);

design parameters (such as design points mid-range and

near, iree base curve selection),

individual parameters (such as pupillary distance (PD),

corneal vertex distance (CVD), forward inclination (FI),
face form angle (FFA)).
Design Parameters

For an individual near-vision lens, the specific viewing
habits of a spectacle wearer can be taken 1nto account in the
calculation of the design for the spectacle lens and thus also 1n
the calculation of the spectacle lens by considering two
design or reference points. This can be achieved by indicating
the design points mid-range DM and near DN. The position of
the design points 1s predefined for the three specified design
types (for example Book, PC, and Room), 1.e. for the comer
design. The design points mid-range and near can be set to be
variable but always the same for right/left (R/L) 1n defined
areas. The positions of the design points mid-range and near
can be indicated as the vertical distance relative to the cen-
tration cross each.

The determination of the 1deal position of the design points
can be integrated into an interactive consultation program
(such as “Ergo Consulting” by the company Rodenstock
GmbH).

The design point near describes the visual point of the
spectacle wearer for near vision. Here, the spectacle wearer 1s
optimally corrected for near-vision tasks and can assume an
iniraduction they are comiortable with. The design point near
DN 1s shiftable in a range between —12 mm and -20 mm,
preferably in a range between —14 mm and —18 mm below the
centration cross. By changing the design point near DN, a
larger near-vision zone can be obtained, for example, if the
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spectacle wearer attaches particular importance to that. In this
case, the design point DN would be shifted upward to obtain
a larger near zone and a reduced infraduction, which 1s more
comiortable for the spectacle wearer.

The design point mid-range DM describes the visual point
ol the spectacle wearer for mid-range vision. In this zone, the
spectacle wearer 1s optimally corrected for mid-range dis-
tances. The design point DM can be 1n a range between —4
mm to +4 mm around the centration cross. A change of the
position of the design point mid-range DM results 1n a short-
ening or a lengthenming of the progression zone 1n the vertical
direction. This also 1nfluences the size of the viewing zones
and the transitions between the central and peripheral viewing
zones. A further power decrease occurs above the design
point mid-range DM 1rrespective of the design.

For example, certain conditions can be placed on the posi-
tion of the design points mid-range and distance depending
on the frame data. Thus, 1t 1s advantageous to satisiy the
following conditions:

DN at least 2 mm above the lower frame edge;

minimum distance DM-DN: 12 mm:

maximum distance DM-DN: 24 mm:;

design point mid-range DM at least 10 mm below upper

frame edge.

These conditions can be considered automatically in the
case of a design recommendation. In a graphical user inter-
face (cl. e.g. the graphical user interface “design tuner” 40A
to 40F), marginal parameters can be displayed by a note or in
a different way.

For example, the position of the design point near DN can
be adapted to the selected spectacle frame on the basis of the
frame and centration data provided together with the order for
the spectacle lens. This ensures an optimum use of the frame
s1ze. The position of the design point near DN 1s calculated
considering forward inclination, corneal vertex distance, as
well as frame and centration data, so that the spectacle wearer
can assume their individual, physiologically convenient
infraduction.

Moreover, differences 1n the progression zone length and/
or 1n the position of the design point near DN can result from
differently sized CVDs and/or forward inclination of the
spectacle lens. A small CVD requires a shorter progression
length for the same infraduction, for example. A small for-
ward inclination, however, requires a longer progression zone
length for the same infraduction.

In a graphical user interface, such as a graphical user inter-
face “design tuner” 40A to 40F, 1t can be shown how a shift of
the position of the design points influences the lens design.
Due to the power increase 1n the spectacle lens, the widths of
the viewing zones and the level of the surface astigmatism
depend on the addition of the spectacle lens and on the length
across which the power increase occurs. This phenomenon 1s
known as the “Minkwitz theorem”. The choice of the correct
position of the design points thus 1s a careful consideration of
advantages and restrictions in the spectacle lens resulting
from the physical conditions. If the progression and/or the
degression 1s/are extended due to a slight shift of the design
point mid-range DM upward and the design point near DN
downward, wider viewing zones are made possible. Such a
spectacle lens 1s particularly suitable for spectacle wearers
using these spectacles mainly for mid-range vision, for
example for PC work.

In addition to the individual parameters, individual vision
needs for near and mid-range vision can be taken into account
as well. Activities at near and mid-range distances can be as
individual as the fit of spectacles. For example, a spectacle
wearer needs spectacles when looking at a monitor, which 1s

[l
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positioned at a different height and distance on their desk than
that of their colleague. Another spectacle wearer needs spec-
tacles for activities mainly at distances of about 2 m, but also
wishes to use them for reading. The different vision needs
result e.g. 1n a different allocation of points 1n the “design
profiler” (see FIG. 12). Moreover, the different vision needs
result 1n different design numbers.

Design Number and Design Characteristic

In particular the design number, which correlates with the
design characteristic, 1s required for the calculation of the
individual design for a near-vision lens. The design number
can be a six-digit number, wherein the first two digits (left
number) relate to vision 1n a room (at the distances of approx.
60 cm to 3 m), the two middle digits (the middle number)
relate to vision at mid-range distances (from approx. 40 cm to
1.5 m), and the two right digits (right number) relate to vision
at near distances (from approx. 20 cm to 100 cm). The design
number per distance zone can have a minimum value of 00
and a maximum value of 99, for example. The higher the
value for the respective zone, the greater the priority and thus
the size of the viewing zones. The design number also affects
the distance zones and the associated spatial depth. The sum
of the three design numbers 1s 99 at most. If 1t 1s above or
below, the value can be standardized automatically.

The design characteristic can be 1llustrated graphically by
the design triangle. The higher the weighting of the design
characteristic 1n one zone, the more the small triangle desig-
nating the design 1s positioned in a corner of the design
triangle.

Individual Principal Viewing Distances

In the optimization of conventional near-vision lenses, the
surface 1s calculated for a specific working distance (for
example 40 cm for near vision). However, to ensure the best
imaging for the spectacle wearer 1n their individual environ-
ment for near and mid-range vision, a consideration of these
individual principal viewing distances 1s unavoidable. For
individually optimized near-vision lenses, the principal view-
ing distance can be adapted individually depending on the
application purpose. Thus, the entire ergonomics of the spec-
tacle wearer for near and mid-range vision can be taken into
consideration.

For example, the following value ranges apply to the prin-
cipal zones of use of a near-vision lens:

TABL

(L.

2

20 cmto 100 cm
40 cm to 150 cm
60 cmto 3 m

principal viewing distance near
principal viewing distance mid-range
principal viewing distance room

The principal viewing distances are reflected 1n the design
points. The position of the zone for distances of greater than
1 m1s in the upper area of the spectacle lens, above the design
point mid-range DM.

A deviating refractive distance can also be taken into
account 1n the calculation of the individual design.

The determination of the best possible, individual design
for a progressive spectacle lens, for example a near-vision
lens, can be assisted by a corresponding computer program
(for example the consultation program Impression Consult-
ing by the company Rodenstock GmbH, in which a corre-
sponding design consultation module i1s integrated). The
computer program can olifer the possibility of advising the
spectacle wearer 1n their choice of design and of setting the
design parameters. The computer program can automatically
calculate the final design and in particular the spatial distri-
bution, assigned to the final design, of one or more optical
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properties (for example target astigmatism distribution),
which are taken into account 1n the target function as target
values.

The user can interact with the computer program via one or
more (interactive) graphical user mterfaces, which comprise
one or more sections or menus.

A graphical user interface can be adapted, for example, to
present or display the performance of the optical properties of
an individually optimized near-vision leans with respect to a

progression lens and normal reading spectacles. To facilitate
the choice and the consultation, an information text about the

respective product can be displayed as soon as one of the
information buttons 1s activated. In one menu, the target

2 S Y

design with the focus of application “room”, “intermediate
zone”, or “near” (or other focuses of use) can be selected. The
spectacle wearer’s addition can be adjusted with a shider, for
example. To show the influence of the individual parameters,
they can be modified 1n a mask by actuating a corresponding
slider or by manually 1nputting the values.

The individual preferences of the spectacle wearer can be
obtained via the graphical user interface “design profiler” 60
shown 1n FIG. 12. In the “design profiler” 60, the individual
needs and wishes of the spectacle wearer are gathered, so that
they can be taken into account in the determination of the
individual design for a near-vision leans together with the
individual parameters as well as the frame and centration
date. By the allocation of points, the spectacle wearer can
weight the distance zones “room”, “mid-range” (or “interme-
diate zone”), and “near” according to their personal near-
vision needs. The more important the respective distance
zone 1s to the customer, or the more often the activities of the
customer fall within this zone, the more points can be allotted
for this distance zone.

In one example, a maximum of {ive points can be allotted
per distance zone, 1n total not more than 10 points though. The
welghting determines the individual design profile of the
spectacle wearer. The more a specific distance zone 1s pre-
terred, the more strongly it 1s reflected 1n the viewing zones of
the lens (design recommendation). The more points are allot-
ted for the room, the more spatial depth (degression) the
recommended lens design has. Five different pictographs for
the room, intermediate, and near distances symbolize the
zones the customer 1s to weight relative to each other when
choosing their design profile. The pictographs serve as an
example of the respective distance zone and represent only a
small choice of all possible activities for that distance. The
bars illustrate the characteristic of the three viewing zones in
the lens.

The result of the design determination or the design rec-
ommendation 1n dependence on the obtained individual data
and preferences of the spectacle wearer can be displayed
when a result mask or a graphical user interface 1s opened.
Examples of such result masks or graphical user interfaces are
shown 1n FIGS. 6 to 8 and 13 to 15. The ergonomics param-
eters, design characteristic and principal viewing distances,
as well as the design parameters, design point mid-range DM
and design point near DN are in particular part of the design
recommendation.

The design characteristic describes the arrangement and
the size of the binocular viewing zones 1n the lens. The prin-
cipal viewing distances and the design characteristic reflect
the allocation of points 1n the design profiler 60. The position
of the design points mid-range DM and near DN depends on
the design characteristic, the frame and centration data, as
well as on the individual parameters, forward inclination, and
corneal vertex distance.
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On the right of the result masks 40A to 40F shown 1n FIGS.
6 to 8 and 13 to 15, the design triangle 1s illustrated. The
corners of the design triangle 10 represent the three distance
zones “room”, “mid-range” (or “intermediate zone”), and

“near’”’. The position of the small triangle 12 within the design
triangle results in the design recommendation, which retlects
the weighting in the design profiler. For example, the more
heavily the distance zone “mid-range” was weighted 1n the
design profiler, the farther the small triangle 1s shifted to the
corner “mid-range”. This applies analogously to the two other
corners “near’” and “room” of the design triangle.

The weighting of the three distance zones 1s reflected 1n the
characteristic of the corresponding viewing zones in the spec-
tacle lens. The more heavily the distance zone “room” 1s
weighted, the wider the usable viewing zone 1n the upper
portion of the spectacle lens and the greater the depth of field
or degression of the spectacle lens. If the priority 1s set on the
distance zone “near” 1n the design profiler 60, the depth of
fiecld mn the lens 1s reduced, but the viewing zones are
extremely wide. With such a spectacle lens, the spectacle
wearer can read for a long time 1n a relaxed way, for example.

By clicking the button “apply recommendation™ and “save
data”, the design recommendation can be applied. However, 1t
1s possible to further modify the recommended design. This 1s
referred to as “design tuning”.

Thus, the design recommendation can be modified by shift-
ing the small triangle within the design triangle. Since the
design recommendation includes the arrangement and the
s1ze ol the viewing zones 1n the spectacle lens (design char-
acteristic), the principal viewing distances, and the position of
the design points DM and DN, all parameters change analo-
gously by shifting the small triangle. The changes are
reflected 1n the viewing zone representation. For example, the
changes of the design points DM and DN, etc., can be high-
lighted 1n color or 1n another way.

Furthermore, the position of the design points and the
principal viewing distances can be changed independently
from each other, but preferably within defined, practical lim-
its.

EXAMPLE

The optician allocates the following number of points in
the design profiler 60 on the basis of the data of the spectacle
wearer: room: 0 points, mid-range: O points, near: 5 points. In
the design recommendation, a design characteristic of 9/9/80
(9=room/9=mid-range/80=near) results. The following prin-
cipal viewing distances result: room: 78 cm/mid-range: 58
cm/near: 40 cm. Moreover, 1n the consultation, the spectacle
wearer says that the laptop he works with 1s approx. 50 cm
away from him. The optician can then enter the target princi-
pal viewing distance into the corresponding field provided in
the design tuner. The suitable design 1s calculated automati-
cally then.

The design, which 1s individually adapted to the customer
profile, can be applied by actuating the corresponding design
button (“apply tuner values” and *“save data). There 1s the
possibility of returning to the design recommendation with
the button “design recommendation”.

When the individual design for the progressive spectacle
lens (for example an 1ndividual near-vision lens) has been
definitely defined, the spectacle lens 1s calculated or opti-
mized. The calculation or optimization of the individual spec-
tacle lens can be performed by an 1terative minimization of a
target function, as has been described. The target astigmatism
values assigned to the determined, individual design and
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optionally other optical properties are taken into account 1n
the target function as target values.

The mdividual optimization 1s performed for each power
(sphere and/or cylinder and/or prism). Moreover, the optimi-
zation can be performed considering previously obtained data
of the spectacle wearer, for example according to the opti-
mized retina focus principle. For example, the individual data

ol the spectacle wearer can comprise the pupillary distance
PD, the inset, the corneal vertex distance CVD, the face form
angle FFA, the forward inclination, the design point near DN,
the possibly present anisometropia, frame and/or centration
data, etc. The (individually) optimized spectacle lens 1s cal-
culated 1n the position of wear by wavelronts. The spectacle
lens can be optimized with respect to a minimization of the
HOA (high order aberration) and taking Listing’s rule into
consideration.

The front surface of the optimized spectacle lens can be a
spherical surface, the back surface an individually optimized
progressive surface. The base curve of the front surface can
substantially be selected freely. In particular, the base curve
can be adapted to the curving of the frame. The individual
spectacle lenses can be produced by iree form technology.

The spectacle lens can be manufactured from a highly
refractive, optical material (for example from a material hav-
ing a refractive index of 1.6). The material produced from
such a matenal 1s aesthetically thin and well suited for rim-
less-frames.

The spectacle lens can be provided with a stamping. An
example of a stamping of an individual near-vision lens 1s
shown 1n FIG. 16.

The stamp 70 of the individual near-vision lens consists of
“movable” and “fixed” components. The brackets, which des-
1gnate the position of the design point mid-range DM, and the
near measuring circle, which designates the position of the
design point near DN, are part of the “movable” components
of the stamping. The position of the design points varies
depending on the determined design parameters and the 1ndi-
vidual parameters of the spectacle wearer. The horizontal
position of the near measuring point varies depending on the
inset, which results individually after receipt of order and
depending on the refraction data, the individual parameters,
and the reading distance.

In exceptional cases, the stamping can deviate from the
above-mentioned one. The design points are not explicitly
designated then. However, they could be reconstructed by a
centration card and the stamped scales 1n steps of 1 mm and
the indication on the spectacle lens envelope. Moreover, the
values for the position of DM/DN are engraved 1n the lens
below the nasal engraving for base curve and refractive index.

The above-described exemplary method for determining a
design for an individual near-vision lens can of course also be
applied analogously to the determination of a design for a
umversal, (individual) progressive spectacle lens with dis-
tance, intermediate, and near zones. The defined designs (cor-
ner designs and optionally additional designs) of the design
triangle then represent different designs (e.g. depending on
different focuses of use) for universal progressive spectacle
lenses. The design parameters (for example design point mid-
range DM, design point near DN) which characterize a
design for an individual near-vision lens, are then replaced by
design parameters (for example demgn point distance DF,
design point near DN), which characterize a design for a
umversal progressive spectacle lens.

Designs for non-individual progressive spectacle lenses
(universal progressive spectacle lenses or special progressive
spectacle lenses, such as near-vision lenses) can be deter-
mined with the above-described method as well.
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It should be understood that while the foregoing has been
described 1n conjunction with exemplary embodiments, it 1s
understood that the term “exemplary” 1s merely meant as an
example, rather than the best or optimal. Accordingly, the
disclosure herein 1s intended to cover alternatives, modifica-
tions and equivalents, which may be included within the spirit
and scope of the disclosed apparatus and method.

Additionally, 1n the preceding detailed description, numer-
ous specific details have been set forth 1n order to provide a
thorough understanding of the present disclosure. However, 1t
should be apparent to one of ordinary skill 1in the art that the
embodiments described herein may be practiced without
these specific details. In other instances, well-known meth-
ods, procedures, components, and circuits have not been
described 1n detail so as not to unnecessarily obscure aspects
of the disclosure herein.

The mvention claimed 1s:

1. A method for calculating design parameters IV, j=
1,..., M of aprogressive spectacle lens design on the basis
ol a predetermined design polygon and manufacturing a pro-
gressive spectacle lens, the method comprising:

specitying a point Py, . within the predetermined design

polygon, wherein the point P, defines the spectacle

lens design;

determining a value DY (P pesien) Of €ach design parameter

1Y, =1, ..., M, of the spectacle lens design at the point

P pesiern DY aninterpolation of one or more predetermined

values DY(P._.__), 1=1, . . . , M at respective corner

points P .

determining a spatial distribution of target values of at least

one 1maging property or aberration of the progressive

spectacle lens,

wherein

cach point P within the predetermined design polygon
defines one design that 1s characterized by design
values IY(P),

DY®P,. ..., =1, ..., M of the design parameters char-
acterize the design at the respective corner points
P, . . ofthe predetermined design polygon,

M designates the number of design parameters, and

the progressive spectacle lens design comprises target
values for the spatial distribution of the at least one
imaging property or aberration of the progressive
spectacle lens, and

manufacturing the progressive spectacle lens 1 accor-

dance with the spectacle lens design.

2. The method according to claim 1, wherein the iterpo-
lation 1s a linear interpolation at least in sections.

3. The method according to claim 1, wherein the predeter-
mined design polygon 1s a design triangle.

4. The method according to claim 1, wherein the values
DY(P, .. )ofthedesign parametersV,j=1, ..., M atat least
one additional pont P, , ... on each of the side edges of the
predetermined design polygon are each predetermined.

5. The method according to claim 1, wherein

predetermined values IY(P,._, .. .)of the design parameters

[V, j=1, ..., M characterize the design at a central point

P, ... within the predetermined design polygon, and

wherein the value IV (P, ;,,,) of each design parameter IY

at the pomt P, 1s calculated by an interpolation of
the one or more predetermined values Y (P-_,. ) of the
design parameter [V at the respective corner points

P, . andthevalueDY(P,_ .. . ofthedesignparameter

Y the central point P, .. ..

6. The method according to claim 5, wherein the interpo-
lation calculation comprises:
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determiming the penetration point P, .. 1n the direc-
tion ot the vector P, ,./Ppose, 0 the straight line
through the central pomt P, ,,,; and the point Py, .,
with one of the side edges of the predetermined design
polygon, wherein the vector P,,,,...,P pesior Starts at the
central point P, and ends at the point Pp,_;_,.:
determining the two nearest points P,,,, and P,,,, on the
side edge of the predetermined design polygon on which
the penetration point P, . lies as well, in which
corresponding values IY(P,,,) and IY(P,,,) of the
design parameter IY are predetermined, wherein the
penetration point P, . . lies between the two points
P.-, and P,,;, on the side edge of the predetermined
design polygon;
determining the value IY(P .

ceFelra IO

) of the design param-
eter IY at the penetration pontP,_ . . by afirstinter-

polation of the values of the design parameters V(P ;)
and DY(P,,, ) at the two points P,,, and P, ,; and
determining the value IV(P,,,,,) of the design parameter
LY at the pomnt Pp,,,, by a second interpolation of the
determined value IY (P, ) of the design parameter

eneiration

[V at the penetration point P, _. . and the value
DY(P,._ . ) of the design parameter [V at the central
pOiﬂt PCEHfFﬂZ'

7. The method according to claim 6, wherein the interpo-
lation is performed in a polar coordinate system {¢, p},
wherein the origin of the coordinate system coincides with
the central point P, . ., and wherein the first interpolation 1s
an iterpolation with respect to the polar coordinate ¢, and the
second 1nterpolation 1s an interpolation with respect to the
polar coordinate p.

8. The method according to claim 7, wherein, for the first
interpolation:

D/ (Pnp2) — DY (Pypyp)

(Onr2 —¢nr1)

DJ(PPEHEFMI‘EDH) — DJ(PNLIJ + (59 — YN )5

and
wherein, for the second interpolation:

DJ(PCEHI‘I‘GE) - DJ(PPEHEI‘F{IIEDH)
fo,

DJ(PDES.EIEH) — DJ(PPEHE'IFGH'DH) + (s = pi)

or

D}:(P.DE'._SIE?’I):H(PPEHEFHﬁGH)+(H(PCEHFHE)_
D(PPenerraﬁan)(l_ﬂ)
wherein:
(¢, p) designate the polar coordinates of the point Py, ;..

(G715 Pazo) and (07 -, Par~) designate the polar coordi-
nates of the two nearest points P, , and P, ,, wherein

Pz 1 =O=Pp7zo,

p . designates the distance of the pomnt P, . .
central pomnt P~ ..

Y(P,;,) and DY(P,,.) designate values of the design
parameter [V at the points P, , and P, ., respectively,
wherein the points P, , and P, , represent the points
nearest to the point Py, .., for which points the design
parameters I are predetermined, and

DY(P.. .. .) designates the value of the design parameter IV
in the central pont P ., ..

9. The method according to claim 1, wherein the design

parameters [V comprise at least one of the following param-
eters: weighting of the distance portion, weighting of the near

from the
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portion, weighting of the progression portion, weighting
dynamics, focuses of use of the spectacle lens, parameters
specilying the position of the distance, near and/or progres-
s1on portions, spatial position of the distance and/or one or
more near reference or design points, parameters speciiying,
the course of the object distance function, parameters deter-
mimng the course of one or more target 1soastigmatism lines,
and one or more maximally admissible aberrations.
10. A device for calculating design parameters IV, j=
1, ..., M of aprogressive spectacle lens design and manu-
facturing the progressive spectacle lens, comprising:
clectronic memory configured to store:
data of a predetermined design polygon, wherein each
point P within the predetermined design polygon
defines one design, and the design 1s characterized at
the point P by design values IY(P), and

P, . ), =1, ..., M of the design parameters that
characterize the design at the respective corner point
P, .. . of the predetermined design polygon;

a specitying unit configured to specity a point Py .
within the predetermined design polygon, wherein the
point P, ., defines the spectacle lens design,

a calculating umt configured to calculate the wvalue
DY (P pesi0n) of each design parameter IV , j=1, ..., M , of
the spectacle lens design at the point P, ., by an inter-
polation of the design values Y (P, ..),1=1, ..., M at
the respective comer points P~_ . and to calculate a
spatial distribution of target values of at least one imag-
ing property or aberration of the progressive spectacle
lens, the progressive spectacle lens design comprises
target values for the spatial distribution of the at least one
imaging property or aberration of the progressive spec-
tacle lens; and

a machine configured to manufacture the progressive spec-
tacle lens 1n accordance with the spectacle lens design.

11. The method according to claim 1, further comprising:

calculating a design of the progressive spectacle lens on the
basis of the determined design parameters.

12. The method according to claim 11, further comprising
moditying the calculated design by at least one of an 1interac-
tive dialogue with a user, automatically on the basis of indi-
vidual data, and preferences of a spectacle wearer.

13. The method according to claim 12, further comprising
visualizing the spatial position of the modified design within
the predetermined design polygon.

14. The device according to claim 10, further comprising:

a design calculating unit configured to calculate a design
for the progressive spectacle lens on the basis of the
determined design parameters.

15. The method according to claim 11, further comprising:

calculating the spectacle lens on the basis of the calculated
spectacle lens design.

16. The method according to claim 15, wherein the step of

calculating the spectacle lens comprises mimimizing the tar-
get function:

il

F(;) — Z [gi,ﬂsr (ASIE — ASIE,T&FgEI)Z + .. ]
i=1

wherein

ASt; 7,00, designates the target value ot the local astigmatic
deviation or the local astigmatic error at the i” evalua-
tion point,
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Ast. designates the actual value of the local astigmatic
deviation or the local astigmatic error at the i” evalua-
tion point, and

g, 4 designates the local weighting of the astigmatic
deviation or the local astigmatic error at the i” evalua-
tion point.

17. The device according to claim 14, further comprising:

a design calculating unit configured to calculate the spec-
tacle lens on the basis of the calculated design.

18. A method for visualizing a design for a progressive
spectacle lens on the basis of a predetermined design polygon
and manufacturing the progressive spectacle lens 1n accor-
dance with the spectacle lens design, the method comprising:

specilying design parameters or values of the design
parameters of the design to be visualized; Py, ;_,, within
the predetermined design polygon, which corresponds
to the predetermined combination of design parameters
or the values of the design parameters of the design to be
visualized;

visualizing the spatial position of the determined point
P pesigns Which defines the design, within the predeter-

mined design polygon;
determiming a spatial distribution of target values of at least
one 1maging property or aberration of the progressive
spectacle lens,
wherein
cach point P within the predetermined design polygon
defines one design that 1s characterized by design
values D/ (P),

predetermined design values DY(P_.._),i=1, ..., Mof
the design parameters characterize the design at the
respective corner points P of the predetermined
design polygon,

predetermined values IY(P , ... ) of the design param-
eters characterize the design at the at least one addi-
tional pomnt P, , ... within the predetermined design
polygon,

M designates the number of design parameters, and

the progressive spectacle lens design comprises target
values for spatial distribution of the at least one 1mag-
ing property or aberration of the progressive spectacle
lens, and; and

manufacturing the progressive spectacle lens in accor-
dance with the spectacle lens design.

19. The method according to claim 18, further comprising
deciding, depending on the visualized spatial position of the
determined point Py, ., ot the design, whether the design can
be accepted without modification or whether the design has to
be modified.

20. The method according to claim 19, wherein the design
parameters of the design to be visualized comprise weight-
ings g . n=1,..., N ol each of the designs in the corner points

P, .. .. ,and wherein the vertical distances a_, n=1,...,N of

the point to be determined Py, . tfrom the respective side

edge of the predetermined design polygon are calculated
according to the formula:

Corner

k

Gn = ———8&n =1 ... N

2 &n

n=1

wherein:
k 1s a predetermined number and preferably k=100 holds.
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21. A device for visualizing a design for a progressive
spectacle lens and manufacturing the progressive spectacle
lens, comprising:

clectronic memory configured to store:

data of a predetermined design polygon, wherein each
point P within the predetermined design polygon
defines one design, and the design 1s characterized at
the point P by design values IV(P), and

DY®P,...), i=1, ..., M of the design parameters that
characterize the design at the respective corner point
P, . . of the predetermined design polygon option-
ally, values;

at least one design parameter mput portion configured to
input design parameters or values of the design param-
cters of the design to be visualized;

a calculating unit configured to calculate the spatial posi-
tion of a point Py, ., within the predetermined design
polygon, wherein the point P,, corresponds to the

esSIigH

predetermined combination of design parameters or of

the values of the design parameters of the design to be
visualized, and to calculate a spatial distribution of tar-
get values of at least one 1maging property or aberration
of the progressive spectacle lens, wherein the progres-
stve spectacle lens design comprises target values for the
spatial distribution of the at least one 1maging property
or aberration of the progressive spectacle lens;

at least one display portion configured to visualize the
calculated position of the determined point P,
within the predetermined design polygon; and
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a machine configured to manufacture the progressing spec-
tacle lens 1n accordance with the spectacle lens design.

22. The method according to claim 1, further comprising;:

determining the value (P, ., o) Of each design parameter
Y, 1=1, ..., M, of the spectacle lens design at the point
P pesign DY aninterpolation of one or more predetermined
values IV (P, , ... ) ofthe design parameter IV at at least
one additional pontP , , ... .

wherein predetermined values DY(P , ... ) of the design
parameters characterize the design at the at least one
additional pomnt P, ...~ within the predetermined
design polygon.

23. The device according to claim 10,

wherein the electronic memory 1s further configured to
store values IY(P, ... ) of the design parameters that
characterize the design at at least one additional point
P, ... within the predetermined design polygon, and

wherein the calculating unit 1s further configured to calcu-

late the value IY(Pp,;,,,) of each design parameter IV,

=1, . .., M, of the spectacle lens design at the point

L =

P pesien DY an interpolation of the values V(P , .....,,) of

the design parameter [V at the at least one additional
pOiﬂt PAddz’ﬂc}H‘

24. The device according to claim 21,

wherein the electronic memory 1s further configured to
store values IY(P, . ... ) of the design parameters that
characterize the design at at least one additional point
P, ... within the predetermined design polygon.
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